Background Graduate medical education has moved towards competency-based training. The aim of this study was to assess hand surgery program directors' opinions of exposure gaps in core competencies rated as essential for hand surgery training. Methods We surveyed the 74 ACGME hand surgery fellowship program directors. Respondents rated their opinion of 9 general areas of practice, 97 knowledge topics, and 172 procedures into one of three categories: essential, exposure needed, or unnecessary. Program directors also rated trainee exposure of each component at their respective program. Moderate and large exposure gaps were respectively defined as presence of at least 25 and 50 % of programs rating trainees as not having proficiency in the component at the end of training. Results Sixty-two of 74 program directors (84 %) responded to the survey. For the 76 knowledge topics and 98 procedures rated as essential, a majority of the knowledge topics (61 %; n=46) and procedures (72 %; n=71) had at least a moderate exposure gap. In addition, 22 % (n=17) of the essential knowledge topics and 26 % (n=25) of the essential procedures had a large exposure gap. Conclusion This study illuminates the discrepancies between what is believed to be important for practicing hand surgeons and graduates' proficiency as perceived by program directors. The field of hand surgery must work to determine if program directors have unrealistic expectations for what is essential for practicing hand surgeons or if reforms are needed to improve exposure to essential skills in hand surgery training.
Competency-based training has become a reality for all specialties participating in graduate medical education, including hand surgery [4, 13, 16] . The teaching and objective assessment of six competency domains is now required for all accredited programs [1, 8, 15] . For competency-based training to truly become a reality, it is integral for training programs to identify specialty-specific core competencies, especially as it relates to patient care and medical knowledge. Defining specialtyspecific core competencies helps to ensure that graduates clearly know what is expected of them and helps programs to direct exposure toward essential skills and knowledge. After competencies are defined, a global evaluation must be performed to determine whether trainees have adequate exposure to reach proficiency upon completion of training. The process of defining core competencies and evaluating exposure within the current training environment is critical to all specialties.
We previously conducted a survey to assess hand surgery program directors' opinions of essential procedures and knowledge topics in hand surgery training [9] . However, there is little understanding whether there are gaps in exposure to essential knowledge topics and procedures among hand surgery fellowship programs. Several surgical specialties have attempted to define specific procedural or knowledge competencies in which trainees are expected to attain proficiency [5, 7, 11, [17] [18] [19] . However, only general surgery has published data addressing whether a gap exists between expectation and actual experience on a national level [6] . For hand surgery in particular, there has been little new data to provide understanding of core competencies and exposure during fellowship training.
In order to establish competency-based training in hand surgery, it is important to identify whether trainees realistically have the opportunity to achieve proficiency in procedures and knowledge thought to be essential. The purpose of this study was to determine whether there is adequate exposure in core competencies of knowledge and procedures that were rated as essential by a majority of hand surgery fellowship program directors. We hypothesize that not all hand surgery fellowship programs will be able to provide adequate exposure to reach proficiency in all competencies rated as essential by the majority of program directors.
Materials and Methods
The institutional review board approved this study. Completion of the survey was inferred as implied consent to participate.
Study Sample
The study sample included program directors from the 76 ACGME-accredited hand surgery fellowship training programs as of September 2011 [12] . There were 60 programs overseen by the orthopedic surgery Residency Review Committee (RRC), 15 programs overseen by the plastic surgery RRC, and 1 program overseen by the general surgery RRC. Two programs were overseen by both plastic surgery and orthopedic RRCs, thus 74 program directors were recruited for the study. Participants were invited to participate in a webbased survey via email, with two weekly reminders to nonresponders. Program directors were chosen for the study sample because of their intimate involvement with hand surgery fellow training and in defining fellowship curricula.
Survey Instrument
We developed and distributed a web-based survey to assess program directors' opinions of the general areas of practice, specific knowledge, and procedural skills that are essential for graduates to master by the end of hand fellowship training. Respondents rated their opinion of the essential nature of components into one of the following three categories: (1) essential, (2) exposure needed, and (3) unnecessary (Table 1) . We also asked respondents to rate the level of exposure provided for each component at their respective fellowship program. Exposure of each component was rated into one of three categories: (1) extensive, (2) some, and (3) none ( Table 2 ). An "extensive" rating was defined as a program that provides enough exposure to reach proficiency. A "some" rating was defined as a program that provides some exposure, but not enough to reach proficiency. A "none" rating was defined as a program that does not provide any exposure to the component.
Survey Components
Respondents were asked to assess 9 general areas of practice, 97 knowledge topics, and 172 procedures. The general areas of practice categories included management of conditions outside of the hand for the following: wrist, distal radius/ulna, mid/proximal forearm, elbow, upper arm/shoulder, clavicle/ scapula, peripheral nerve, brachial plexus conditions, and microsurgery as it relates to free tissue transfer. The detailed components included: hand, wrist, forearm, peripheral nerve, and brachial plexus conditions and procedures. The detailed components were divided into 18 thematic categories and were based on items included in the Surgery of the Hand and Upper Extremity Curriculum developed for 2-year hand and upper extremity fellowship pilot programs [2, 3] .
Data Analysis
The analysis of this study focused on evaluating exposure to components of hand surgery training that were rated as essential by the majority of program directors. Components were considered essential if 50 % or more of respondents felt that graduates must have proficiency in the component by the end of training. Based on our prior analysis, 4 general areas of practice, 76 knowledge topics, and 98 procedures were rated as essential [9] . Burns was the only thematic category with no components rated as essential. Within Table 1 Rating descriptions for opinions of components
Opinions of components

Essential
Graduates must be fully knowledgeable of the topic and be able to perform the procedure by the end of training
Exposure needed
Graduates ideally should be familiar with the topic and procedure, but not necessarily proficient to manage by the end of training
Unnecessary
Graduates do not need to be familiar with the topic, nor proficient to perform the procedure by the end of training these essential components, we analyzed exposure ratings to determine whether deficiencies were present based on program directors' opinions. Frequency calculations were used to compare the distributions of exposure ratings among essential components. We determined the frequency of program directors who rated their graduates as being proficient for each essential component. Proficiency or exposure gap was defined as the percentage of program directors who rated graduates as not having proficiency in the component at the end of training. We identified instances where the exposure gap within essential competencies was greater than 25 % and greater than 50 %. For ease of presenting the results, we have defined high and moderate exposure gaps as an exposure gap of at least 50 and 25 %, respectively.
Results
Survey Response
We had 62 out of 74 program directors (84 %) who responded to the survey, including program directors from 49 orthopedic, 12 plastic, and 1 general surgery program.
Exposure in General Areas of Practice
The general areas of practice rated as essential included wrist, distal radius/ulna, mid/proximal forearm, and peripheral nerve conditions. The mid forearm/proximal forearm general area of practice had the largest exposure gap (34 %), whereas the remaining general areas of practice all had an exposure gap of less than 5 % (Table 3 ).
Exposure in Detailed Components
Of the 76 knowledge topics that were rated as essential, more than half (61 %; n=46) had at least a moderate exposure gap, and more than one-fifth (22 %; n=17) had a large exposure gap. The exposure gap for each essential knowledge component is provided in the Appendix A in Supplemental materials section. The following six thematic categories represented a large majority (76 %; n=58) of the essential knowledge components: congenital conditions, fractures/acute dislocations/nonunions/malunions, infections/bites, instability, tendon conditions, and vascular conditions (Table 4 ). Among these overrepresented categories, congenital conditions and vascular conditions both had moderate exposure gaps in every essential knowledge topic (n=9 and n=6, respectively). There were large exposure gaps in more than half of the components in these two categories (60 %; n=9). The instability category also had moderate exposure gaps in eight of nine essential knowledge topics. There were four categories (arthritis, Dupuytren's contracture, peripheral nerve, and soft tissue defects) that did not contain any components with at least a moderate exposure gap.
Of the 98 procedures that were rated as essential, nearly three-quarters (72 %; n=71) had at least a moderate exposure gap, and more than a quarter (26 %; n=25) had a large exposure gap. The exposure gap for each essential procedure is provided in Appendix B of the Supplemental materials section. The four thematic categories of arthritis, fractures/acute dislocations/nonunions/malunions, infections/bites, and peripheral nerve represented a majority (50 %; n=49) of the procedures that were rated as essential ( Table 5 ). Of the 49 essential procedures within these four categories, 63 % (n=31) had at least a moderate exposure gap and 21 % (n=10) had a large exposure gap. All categories containing an essential procedure had at least one component with a moderate exposure gap.
We found a relationship between the degree of agreement of essential rating and degree of exposure gap. Among the 22 knowledge topics with greater than 90 % agreement of an essential rating among respondents, there were no instances of components with at least a moderate exposure gap ( Table 6 ). Among the 28 essential knowledge topics that had between 75-90 % agreement of an essential rating, three-quarters (75 %; n=21) had at least a moderate exposure gap. A similar relationship is demonstrated among ratings of essential procedures ( Table 6 ).
Discussion
In order to realistically achieve competency-based training in hand surgery, it is not only important to define competencies, but to also determine the ability of programs to provide exposure in core competencies. Ideally, all programs should provide sufficient and uniform exposure for the components that are deemed essential to the practice of hand surgery. This study found that more than 60 % of the components rated as essential had at least a moderate exposure gap, meaning that at least 25 % of program directors felt that their graduates did not reach proficiency in the component. We also found that approximately more than one-fifth of the components rated as essential had a large exposure gap, meaning that at least 50 % of program directors felt their graduates did not reach proficiency in the component.
We found a relationship between the degree of agreement of the essential rating and the degree of exposure gap. Of the 45 knowledge topics and procedures with at least 90 % agreement of an essential rating, there was only one procedure with at least a moderate exposure gap. However, a greater proportion of components have at least a moderate exposure gap among components with less than 90 % agreement of essential rating. Specifically, greater than threequarters of components having agreement of essential rating between 75 and 90 % had at least a moderate exposure gap. All components having less than 75 % agreement in essential rating had moderate exposure gaps. In other words, only the components with very high agreement of essential ratings had respondents reliably rate graduates as being proficient in the competency. Prior to our analysis, we hypothesized that respondents who rated a component as essential would nearly always rate the component with the highest exposure rating. However, our data show that this was not the case. For many components, there were higher proportions of respondents rating the component as essential compared to a lower proportion of respondents rating graduates as having proficiency.
These data highlight some of the challenges program directors face if they wish to establish a standard curricula to achieve competency-based training. Based on published experience in which exposure to essential competencies is compared to real world exposure, it should not be surprising that there is a gap between expectations of program directors and actual experience provided in training. General surgery is one of the few surgical specialties to evaluate resident case logs on a national level compared to the group of procedures rated as essential by program directors [6] . Many procedures that were rated as essential were found to have zero cases logged most commonly among residents and many other essential procedures had very low numbers of cases logged on average. It is unknown whether program directors have unrealistic expectations about essential procedures for training, or if the current experience provided in training is insufficient.
There were several limitations to our study. There are many possible methods to measure exposure during training, including direct observation, review of case logs, review of institutional case volume, survey of program directors, and survey of recent graduates. Case logs have been used in previous studies of trainee exposure in other specialties [6, 10, 14] . However, hand surgery fellows are required to submit case logs, but do not have specific requirements for individual cases as most surgical residency programs have. Thus, hand fellows likely have more variability in logging all cases performed because there are no specific case requirements. In addition, case logs of recent hand surgery graduates were inaccessible for analysis in this study. Lastly, numbers of cases needed to achieve proficiency vary among procedures and among individuals. Consequently, we chose to rely on the feedback of program directors for evaluation of their graduates' proficiency so that proficiency was not judged by arbitrary case numbers. Rather, proficiency was based on the judgment of informed program directors who directly observe trainees. However, it is possible that the definition of proficiency may vary among respondents. In the future, it would also be insightful to assess graduates' opinions of proficiency in core competencies in order to compare graduates' opinions to program directors' opinions. This would allow better understanding of the differences between program directors' and graduates' perceptions of proficiency.
Competency-based training is the growing reality for graduate medical education. Beyond establishing competencies, program directors must evaluate whether their individual programs offer trainees the exposure needed to become proficient. This study illuminates the discrepancies between what is believed to be important for practicing hand surgeons and graduates' proficiency as perceived by program directors. The field of hand surgery must work to determine if program directors have unrealistic expectations for what is essential for practicing hand surgeons or if reforms are needed to improve exposure to essential skills in hand surgery training. 
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